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RESUAAE 


A system of solar energy conversion is shofwn which will generate electrical power from 
the sun's energy. This power moy either be used directly to operate electrical equipment 
or it can be used to charge a battery which will store the energy for continuous operation. 
The modular assembly of this system makes It possible to Install the system with a minimum 
of difficulty and the system engineer con design the solar power supply for any amount of 
power in multiples of 5 watts. A method of calculation is shown which will allow the 
engineer to closely estimate the amount of electrical energy to be expected from on in- 
stallation in any part of the world. 


HISTORY 

Since the beginning of time, AAan, with varying degrees of reverence, has worshipped 
the sun or recognized that the sun was the source of many of Mon's needs. Although 
oncient people attributed many things to the sun, both good and bad, most of them did 
not realize that without the sun there could be no life as we know It on Earth. Without 
the sun the Earth would be a cold, lifeless sphere drifting aimlessly through spoce. 

A story of the first scientific use of the sun's power comes to us as a legend. Archimedes 
In the year 214 B C, is supposed to have used the sun's rays to burn the Roman Armada 
attacking Syracuse. He focused the roys to obtain heat by the use of reflecting mirrors. 
Since Archimedes’ time, Man has tried to use the sun's heat in many ways, During re- 
cent yeors several heat engines which transform the heat of the sun into rotary or push- 
pull motion have been built. Most of these systems have a rather low efficiency and 
must have expert maintenance In order to operote. About a hundred years ago scientists 
discovered that some of the metallic elements had a property of converting sunlight into 
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electricify when a certain mixture pf the elements was exposed to sunlight. The most 
suitable of these early elements/ selenium, has long been o part of the fomiliar "photo- 
electric exposure meter". Although the efficiency of selenium Is limited to about 1 %, 
by the use of o very sensitive meter and a large cell, an acceptable reading can be 
obtained In dim light. In 1954, while Involved In transistor research, Drs. Chapin, 
Fuller and Pearson discovered that silicon, when properly treated, could be used as o 
photoelectric element with an efficiency as great as 6%. In 1955, the Bell Telephone 
Laborotories announced that they could further improve this 6% figure to o conversion 
efficiency of about ]] % This means thor from each squore yard of silicon solar con- 
verter area exposed to sunshine one may expect about 110 watts of power. This amount 
of power is wei! worth considerir^g In our present day economy as this power is avail- 
able day after day for each hour the sun Is shining and the power can be easily trans- 
ferred mre storage oatterles where It is aifailuble for use whenever necessary. 

During 1955, the Semiconductor Division of Hoffman Electronics Corporation was 
engaged in the manufacture of silicon diodes. The silicon solar cell was adopted for 
f'^roduenon :n the Semiconductor piant and the solar cell became available in quontities. 
S-ir.e the Introduction of the Silicon Solar Cell the commercial market by the Semi- 
conductor DjviSiOn, producrion technioues hove been continuously Improved until cells 
with efllciencies as high as i4% hove been produced. 
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SOLAR CONVIRTER FIELD TESTS 

Iher* hove b«en many field tests of photovoltaic solar converters since the photovoltaic 
effect was first observed In 1839. The elements used in these early experiments were 
only capoble of efficiencies in the order of 1 % and, therefore, required a very large 
surface area to develop an appreciable amount of power. This large areo and the ele- 
ment's chorocterlstlcs of deteriorating after a few years use, contributed to the high cost 
of construction and a high maintenance cost. The early field tests proved the solar con- 
verten to be economically Infeasible for large scale power generation. 

The first feasibility study of a silicon solar converter was carried out by the Bell Laboratories 
during 1955. The converter was Installed on a telephone pole in Americus, Georgia and 
proved thot the relatively small area of silicon converters could provide power for operation 
of telephone lines. As there is no apprecioble deterioration of the silicon from aging and 
os there is no port of the solar cell destroyed during operation, it will lost indefinitely. 

The silicon solar cell thus proves to be an economically feasible device which, once In- 
stolled, will provide power for hundreds of years. 

Using the new high efficiency, low cost Silicon Solor Cells during 1956 and 1957, the 

I 

Hoffmon Electronics Corporation constructed and installed many silicon solar power supplies 
to prove economic feasibility and to gather operation and installation data. The largest 
silicon solar power supply which bos been built to date was Installed and tested with the 
cooperation of the U. S. Forest Service. The panel contoirted approximately 500 squore 
Inches of silicon converters and was mounted on a California mountain top In the Cleveland 
Notionol Forest. This panel wm designed to operate In coo|onctlon with recording equip- 
ment to charge a standard outomorlve battery In a fire lookout tower. The battery was 
ottached to a radio receiver-tronsraitter connected to operate os a relay station for all 

I 

Forest Service messages orlglnoted by the forest rangers In the surrounding oresc The 

♦ 
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In sniar to allow os mJc^flaxIbtllty of powor supply <latlgn commomurato with 
simplicity, the now power supply modules are Furnished as flvo-watt units. As many 
of Hsom five-watt modules as are deemed necessary by the engineer in charge can be 
used In combination to Furnish any amount of desired power. Each unit Is Identical and 
nsemuret 12** x 20* x 3/4* In size. It Is of cast aluminum and consists of on alumlnua 
trey, on Insulotor on which the solar cells ore mounted, and a glaa cover plate. For 
Imtallatlens In speciol areas, the glass cover may be ordered In special thicknesses or 
materials to withstand collisions by large hollstones or wln^borne ob|ects. The glass 
cover as normally supplied Is eenueerctal grade sodo lime sheet. The module elements 
may be mounted by means ^ a 1/4* bolt in each of the comers. 


Accessory electrical equipment to form a complete solar power supply is contained in 

on accessory module element. Ihe accessory module Is the same size and shape os the 

basic five-watt module and Is designed to mount on the some frame as the converter 

modules. One pert of the accessory unit Is an Interconnection panel. This portion of 

the nrremerj module consists of a number of terminal blocks arranged to allow easy 

Intereatumctlon of the Individual solar module outputs to achieve desired voltoge com- 

Unetlem. The final combined output Is connected to the control portion of the accessory 

module. The control elements are a relay ond o bock current diode. The diode functions 

to prevent currant developed by the storage battery from flowing bock through the solar 

cells when the cells ora not Illuminated by sunshine. As there Is a voltage drop ocrem 

any diode that con be put In the circuit, an appreciable pewer loss oowld be reollzed 

In the diode. In order to ebtoln as much power hrom the converter os possible/, o relay 

* 

Is uMd to dkort out the diode durlr^ the time that the solor unit is prcnriding o High charge. 
This relay Is oporotod by solgr oel|s connoctod directly to the reloy coll. These cells are 
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saporote from tfie solar power supply cells and fheir sole purpose is to close the reinv 
when fhe Illumination 1$ bright. Although the diode could be left out of the cucu-* 
with but a small power loss. Its use provides a desirable element of safety As the r. 
lay contacts are the only mechanical moving parts in the entire system, the d'ode 
provide an alternate current path If the relay becomes inoperative becou-e of mechonicoi 
failure, Tbe battery to be charged is connected to the output term-nals on the occesso y 

module. 


POWER DETERMINATION 

As the amount of energy contained in sunshine varies from place to place and during 
different months of the year, the Hve-watt rating of these modules means that five-watts 
or more of power Is available at the terminals of the converter when the surface is ex- 
posed to approximately one Langley* of sunlight energy The amount of power thcl- can 
be expected from installations In various locales of the Unites States and from many differ- 
ent places In the world can be very closely estimated by the use of climo‘oiogical data 
Inued by the United States Weather Bureau. These reports list solar incidence in Long'.uy-^ 
at the recording stations. An estimate of power to be expected during any period moy be 
mode by referring to records of previous years. If, for example, o particular location is 
listed as receiving on average of 459 Longleys per day during October, this Is equivalent 
to 7. 65 hours of sunlight per doy at a rate of 1 Langley per minute During October rhen, 
approximately 38. 25 watt houn of energy would be expected from a single 5-watt module 
each day. In the case of more modules, eoch module would give this omount of energy 

I 

to the circuit each day. The same module In a location receiving a lesser amount of energy, 
* One Langley » 1 gram calorie per square centimeter. 
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DAILY READINGS AND WEEKLY A VERAGE 

LANGLEYS PER DAY 


Daily Readings 

Albuquerque^ 

New Mexico 

Madison, 

Wisconsin 

Ocfober Isf 

556 

441 

Ocfober 2nd 

561 

425 

October 27 fh 

283 

322 

Dolly Average 

Week of 



October 7tti 

459 

395 

October 1 4th 

341 

263 

October 21st 

353 

203 

October 28th 

372 

309 
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TYPICAL SOLAR POWER SUPPLY 


A solar power supply sysfem capable of furnishing approximately 1/2 ampere at 0 volrs 
continuously 24 hours a day and year after year, would consist of three S-watt module 
elements, and one occessory module These units are mounted on a frame which is 
tilted so as to receive the maximum sunshine. Ti'ie output connectors of the accessory 
module are connected to a storage battery mounted in a convenient location. In a 
locale which averages a five hour or 300 Langley sun day, this 15-watt system will 
develop approximately 75-watt hours of power. This is equivalent to 12, 5 ampere 
hours at 6 volts. Stored and consumed continuously, this amounts to an average 
current of slightly over 1/2 ampere. 
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CHARACTER ISTiCS 


Flv«-Watf Solor Module 


Size: 

12" X 20" x3/4" 

Weight: 

8 lbs. 

Material: 

Alumintim body with gios*' cover 

Mounting: 

Clearance holes for ) 4" ' 

corners . 

Connections: 

Positive and negative fer^ inois otc oro.^, 
out to l/"4" screws insuiorod ^iorr > 

Voltage Output: 

Available comrcted for chaiqlr'g rjiti'ei 

6, 12, or 24-voIt batteries. iK'oir.i' a!; 

Illumination Required 
for Rated Output: 

1 gram calorie per centimeter squoied 
impingent perpendic jiar to the surfoce 
of the converter elements at 25° C. 
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